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IONOSPHERE SATELLITE TO B E M C H E D  
The t h i r d  s a t e l l i t e  i n  a j o i n t  Canadian-United S t a t e s  
program t o  s tudy  t h e  ionosphere from space w i l l  be launched 
by t h e  Na t iona l  Aeronaut ics  and Space Adminis t ra t ion  from t h e  
Western T e s t  Range, Lompoc, Cal i f . ,  no e a r l i e r  t h a n  March 31. 
Cal led  ISIS-B ( f o r  I n t e r n a t i o n a l  S a t e l l i t e  f o r  Ionosphe r i c  
S t u d i e s ) ,  t h e  582-pound, Canadian-bui l t  s a t e l l i t e  i s  t h e  
l a r g e s t  and most advanced ionosphe r i c  s p a c e c r a f t  y e t  developed.  
It w i l l  cont inue  a comprehensive program t o  s tudy  t h e  iono- 
sphere  and t h e  complex mechanisms tha t  a f f e c t  i t .  
The s p a c e c r a f t  i s  an e igh t - s ided  sphe ro id ,  48 inches  
t a l l  and 50 inches  i n  d iameter  w i t h  two sounder an tennas ,  one 
240 f e e t  long and t h e  o t h e r  61.5 feet  long ,  i n c l u d i n g  t h e  
s p a c e c r a f t  
-more- 
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ISIS-B, t o  be c a l l e d  ISIS-2  a f t e r  o r b i t  i s  achieved ,  
c a r r i e s  1 2  ionosphere I n v e s t i g a t i o n  experiments--the l a r g e s t  
number flown by a s i n g l e  s a t e l l i t e  i n  t he  program t o  date., 
E igh t  of t h e  on-board in s t rumen t s  were provided by Canadian 
u n i v e r s i t i e s  and goveinment agenc ie s  and t h e  remaining four 
were provided  by t h e  NASA Goddard Space F l i g h t  Center  and t h e  
U n i v e r s i t y  o f  Texas.  
The s a t e l l i t e  w i l l  be launched i n t o  a c i r c u l a r ,  near-  
p o l a r  o r b i t  b y  a t h r e e - s t a g e  thrust-augmented Delta r o c k e t .  
The o r b i t  p lanned w i l l  be 870 s t a t u t e  miles  above t h e  E a r t h  
a t  an i n c l i n a t i o n  of 88 .7  deg rees ,  w i t h  an  o r b i t a l  pe r iod  of 
114 minutes .  
The ionosphere  i s  formed by t h e  Sun's  a c t i o n  on t h e  
E a r t h ' s  atmosphere.  It i s  impor tan t  .to s c i e n t i s t s  from a 
p u r e l y  s c i e n t i f i c  s t a n d p o i n t .  Understanding how i t  works i s  
a l s o  impor tan t  t o  communications eng inee r s  s i n c e  i t  r e f l e c t s  
c e r t a i n  r a d i o  waves used f o r  long  d i s t a n c e  r a d i o  communication, 
and t h e  s e l e c t i o n  of t h e  b e s t  frequency depends on a d e t a i l e d  
knowledge of t h e  ionosphere .  
The ionosphere  i s  a n  e l e c t r i f i e d  gas  c u r t a i n  beginnlng  
about  35 miles above t h e  E a r t h  and i s  d i v i d e d  i n t o  f o u r  r e g i o n s  
o r  l aye r s - - the  D,E, Fl and F2 l a y e r s .  
each  l a y e r  v a r i e s  i n  a l t i t u d e  and amount of  i o n i z a t i o n  w i t h  
t h e  t ime o f  day ,  t h e  degree o f  s o l a r  a c t i v i t y ,  t h e  season  o f  
t h e  y e a r  and geograph ica l  l o c a t i o n .  These v a r i a t i o n s  are large 
and no t  well understood,  -more- 
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The p r i m a r y  s c i e n t i f i c  o b j e c t i v e s  of  ISIS-B are 
t o  cont inue  t h e  program of measuring d a i l y  and s e a s o n a l  f l u c -  
t u a t i o n s  i n  t h e  e l e c t r o n  d e n s i t y  of t h e  upper ionosphere ,  s tudy  
r a d i o  and cosmic n o i s e  emissions and conduct c o r r e l a t i v e  
d i r e c t  measurements o f  t he  e n e r g e t i c  p a r t i e l e s  i n t e r a c t i n g  
w i t h  t h e  ionosphere.  
The f i r s t  launching under t h e  j o i n t  agreement occurred  
on November 29, 1965 when t h e  Canadian-built  A loue t t e  2 and 
t h e  U.S.-bui l t  Explorer  31 ( D i r e c t  Measurement Exp lo re r )  were 
launched from t h e  Western T e s t  Range. A loue t t e  2 con t inues  t o  
t r a n s m i t  v a l u a b l e  data. 
The launching of ISIS-1, a l s o  from t h e  Western Test 
Range, occur red  on Jan ,  29, 1 9 6 9 .  T h i s  532-pound Canadian-bui l t  
s a t e l l i t e  i s  s t i l l  o p e r a t i n g  s u c c e s s f u l l y .  
The p r i m a r y  ISIS program agencies  are,  f o r  Canada, The 
Communications Research Centre of t h e  Department o f  CommunicatSons, 
Ottawa, and f o r  t h e  United States ,  t he  NASA Goddard Space 
F l i g h t  Center ,  Greenbel t ,  Md. I n i t i a l l y ,  r e s 2 G n s i b i l i t y  f o r  t he  
Canadian p o r t i o n  of  t h e  ISIS program was under t h e  Canadian 
Defense Research Board which became The Communications Research 
Centre  i n  1969. N A S A ' s  Kennedy Space Center ,  Western T e s t  Range, 
Cal i f . ,  p rovides  pre-launch and launch suppor t  s e r v i c e s  f o r  t h e  
program. 
-more- 
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The NASA world-wide STADAN t r a c k i n g  network, ope ra t ed  
by Goddard, w i l l  t r a c k  the ISIS-B as it  has t h e  e a r l i e r  
s a t e l l i t e s  i n  t h e  program. T h i s  suppor t  w i l l  be augmented by 
s t a t i o n s  ope ra t ed  by  t he  Canadian Government, France,  t h e  
United Kingdom, Norway, Japan,  I n d i a ,  A u s t r a l i a ,  and New Zea- 
l a n d .  
I n  a d d i t i o n ,  s c i e n t i s t s  from t h e  United Kingdom, France ,  
Japan ,  Norway, I n d i a ,  A u s t r a l i a ,  N e w  Zealand and Hong Kong a r e  
a c t i v e l y  p a r t i c i p a t i n g  w i t h  t h e i r  Canadian and U . S .  c o u n t e r p a r t s  
i n  t h e  ISIS  Working Group which p l ans  t o p s i d e  ionosphe r i c  r e -  
s e a r c h  a c t i v i t i e s  u s ing  s a t e l l i t e s  i n  t h e  ISIS program. Data 
ob ta ined  from t h e  s a t e l l i t e s  a r e  o f t e n  r e l a t e d  t o  similar ground- 
based e f f o r t s  c a r r i e d  on by t h e s e  and o t h e r  r i a t i o m  throughout  
t h e  world e 
A f t e r  e v a l u a t i o n  by t h e  p r i n c i p a l  i n v e s t i g a t o r s ,  t h e  
s c i e n t i f i c  r e s u l t s  from ISIS-B--as w i t h  t h e  r e s u l t s  from e a r l i e r  
s a t e l l i t e s  i n  t h e  program--will b e  depos i t ed  i n  t h e  World 
Data Center ,  Boulder,  Colo., and i n  t h e  Na t iona l  Space Sc ience  
Data Center ,  Greenbe l t ,  Md., f o r  use by t h e  world s c i e n t i f i c  
community. About two m i l l i o n  ionograms a r e  already a v a i l a b l e .  
An ionogram i s  a g raph ic  d i s p l a y  of t h e  depth of t h e  ionosphere 
similar t o  an echo sounding of water dep ths .  
-more- 
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The prime c o n t r a c t o r  for ISIS-B i s  t h e  RCA L t d . ,  
Mon t rea l ,  Canada, which b u i l t  t h e  s a t e l l i t e  under s u p e r v i s i o n  
o f  t h e  Communications Research C e n t r e ,  The Delta r o c k e t  i s  
b u i l t  f o r  NASA by t h e  McDonnell-Douglas Corp. ,  Huntington 
Beach, Calif e 
(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
-more- 
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THE IONOSPHERE 
The Earth's ionized atmosphere extends upwards from 
approximately 35 miles above the Earth, and is created largely 
by so lar  ultraviolet radiation which strikes the neutral air 
molecules, causing them to split into electrically charged ions 
and electrons. These charged particles form an electrical 
conductor capable of reflecting radio waves, making possible 
radio transmission over long distances on the Earth's surface. 
Canada, in particular, depends on ionospheric reflection for 
communication in its northern regions. 
Since charged particles interact with magnetic fields, 
the Earth's magnetic field plays a strong role in the behavior 
of the ionosphere. Activity on the Sun creates a moving plasma 
of charged particles which extends beyond the Earth, carrying 
with it an associated magnetic field. Enhancements of the solar 
plasma and its associated field interact with the Earth's mag- 
netic field, causing ionospheric disturbances, thereby linking 
ionospheric behavior with solar activity. The Earth's polar 
and near-polar regions are most affected since the magnetic field 
lines that originate near the poles and extend a very great 
distance from Earth are accessible to solar and particle fields. 
When the ionosphere becomes disturbed following solar 
storms or other phenomena associated with the Sun, its reflec- 
ting properties are.Laffected. Consequently, radio communications 
are disrupted, sometimes for lengthy periods. A variety of 
disturbed conditions may occur at high latitudes. 
Pgrhaps the worst ionospheric condition, from the stand- 
point of high latitude communications, is the polar blackout. 
During such occurrences, radio reflections fr%% the ionosphere 
do not occur at normal frequencies. Rocket flights and other 
experiments have shown that these polar blackouts stem from an 
abnormal ionization increase in the lower ionosphere (D-region) 
which is caused by precipitating solar particles. The resul- 
tant greater number of collisions between ionized and neutral 
particles in this region causes radio waves to be absorbed 
before they can be reflected. During such conditions radio 
communications at high frequencies may oease for periods of 
several days. 
-more- 
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The ionospheric storm is another type of disturbance 
which is most prevalent at higher latitudes. It is character- 
ized by a general instability of ionospheric conditions, a de- 
crease in the maximum density of ionization and an increase in 
radio wave absorption. 
much lower than normal during these periods and within the 
restricted communication spectrum the radio signals are subject 
to rapid fluctuations in signal intensity. An ionospheric 
storm is usuelly accompanied by a period of unusual fluctua- 
tion in terrestrial magnetic activity and is related to solar 
activity through the passage of solar plasma past the Earth. 
Such conditions may persist for.days. 
The maximum useable ,-fre-quencies are 
Sudden ionospheric disturbances also cause l o s s  of 
communications, producing an abrupt and simultaneous radio 
fadeout throughout the sunlit hemisphere of the Earth, which 
may last from 10 minutes to an hour. This phenomenon is caused 
by solar X-ray bursts which cause enhanced ionization in the 
D-region of the ionosphere. 
It is clear that, in addition to its scientific value, 
increased knowledge about the ionosphere can be applied directly 
to communications and tracking operations. Predictions of 
ionospheric storms and disturbances are often unsatisfactory 
because t h e y  are based on inadequate information. By gaining 
an improved knowledge of the ionosphere and the mechanisms 
affecting it, more precise predictions can be made, and better 
methods developed to deal with communicating via the ionosphere. 
Canada, with its northern communications problem, has a special 
interest in such knowledge. 
The ionosphere is studied from the ground by transmitting 
strong radio signals and listening for the reflected echoes. 
The resultant time delays and received signal strengths are used 
to obtain information on the ionization at various heights in 
the ionosphere, up to the layer of maximum electron density. 
Above this layer, the ionosphere must be sounded from 
above to provide such information. A satellite sounder is 
ideal for this as it also provides information on the topside 
ionosphere over the entire globe. By means of the topside sound- 
ing technique developed in Canada, world-wide electron-density 
prof'iies can be obtained above the height of maximum electron 
density of the ionosphere., To interpret these in terms of the 
physical processes which take place, additional information is 
needed. Some of this is supplied by the direct measurement 
instrumentation carried in addition to the topside sounder. 
-more- 
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ISIS-B SCIENTIFIC EXPERIMENTS 
The following experiments carried by ISIS-B were chosen 
by a joint committee of Canadian and US scientists: 
Swept and Fixed Frequency Ionospheric Sounder ( G . K .  Lockwood 
and L.E. Petrie, Communications- Research Centre of Ottawa.) 
To map the electron density profile of the ionosphere 
below the spacecraft using both swept and fixed frequency 
transmission over the range 100 khz to 20 mhz. Swept 
frequency profiles will be available every 144 km along 
the satellite,path, and fixed frequency profiles every 
0.27 km. 
Very Low Frequency Receiver and Stimulator (R.E. Barrington, 
To observe VLF radio signals of natural origin within the 
ionosphere from 50 hz to 30 khz; to observe VLF signals 
propagated from ground transmitters; to stimulate and 
observe VLF resonances produced by a swept frequency 
oscillator within the spacecraft; to observe the effects 
of the surroundfng ionosphere plasma on the short sounder 
antenna 
Communications Research Centre, Ottawa.) 
Energetic Particle Detector (I, B. McDiarmid arid J.R. Burrows, 
National Research Council, Ottawa.) 
Direct measurement of electron and. proton particle fluxes 
relative to spacecraft orientation ana location. Geiger 
counters, solid state detectors and scintillators are used 
t o  detect electrons between 20 and 200 kev,  solid state 
detectors for protons between 250 kev and 30 mev. To 
provide overlap with the soft particle experiment, a 
detector capable of measuring the total energy flux of 
electrons between 0.6 and 10 kev in energy is included. 
Soft Particle Spectrometer ( W . J .  Heikkila, University of 
Texas at Dallas.) 
Direct measurement of the distribution in energy and 
direction of both negative and positive particles i.n 
the energy range 10 ev to 10 kev, especially over the 
auroral zones a 
Ion Mass Spectrometer ( J , H .  Hoffmann, Unlverslty of Texas 
at Dallas,) 
Direct measurement of the relative abundance of positive 
ions of mass numbers in the range 1 t o  64 AMU. 
-more- 
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Cylindrical Electrostatic Probe (L.H. Brace and J,A. 
Findlay, Gbddard Space Flight Center.) 
Direct measurement of electron density and electron temper- 
ature using two Langmuir probes at opposite ends of the 
spacecraft. 
Ion Temperature Probe ( J . L .  Donley and E.J.R. Maier, 
.Goddard Space Flight Center,) 
Direct measurement of electron temperature, ion temper- 
ature, ionic composition, and charged particle density by 
means of a retarding potential analyzer. 
Very High Frequency Beacon (.P.A, Forsyt'n, University of 
Western' Ontario.) 
Simultaneous transmission of two stable frequency 
unmodulated 100 milliwatt signals at 136.410 mhz and 
137.950 mhz from a common omnidirectimal antenna system 
with linear polarization. Irregularities in the iono- 
sphere will affect the relative polarization and amplitude 
of signals received on the ground. 
Background Noise (T.R.Hartz, Communications Research 
To monitor the background noise levels due to galactfc, 
solar and ionospheric sources for correlation with other 
phenomena. 
6 3 0 0  -8 Auroral Photometer ( G . C  e Shepherd, York University, 
Direct measurement and mapping of intensity of oxygen 
red-line emission from the aurora and fyom night, twilight 
and day airglow sources. The instrument is a photometer 
with two optical channels, one broadband f o r  white light, 
the other narrow band (red light), pointed in opposite 
directions, perpendicular to the satellite spin axis. 
Centre, Ottawa.) 
Toronto) a 
39148/55771 Auroral Scanning Photometers {C .D e Anger 
University of Calgary, Alberta). 
Direct measurement and mapping of aurora emissions at two 
wavelengths of light over the entire auroral zone. An 
image-dissector type of photometer will provide high 
resolution two-color aurora pictures fo? comparison with other 
observations of auroral activity. 
be pointed perpendicular to the spin axis of the satellite. 
The photometer is to 
-more- 
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DELTA LAUNCH ROCKET 
ISIS-B w i l l  be h u n c h e d  b y  Delta 84 from t h e  SLC-2 E a s t  
Launch pad 2-b the  Western T e s t  Range. Launch t j r r ie for a 
March 31 mlssic?i w i l l  h e  6 : 4 0  PM ?SI'. In orderi  t ha t  t h e  
ISIS-B o r b i t  w i l l  be i n  t h e  desired r e l a t i v e  p o s i t i o n  t o  i t s  
s i s t e r  sateIIi . te (JSIS l), Delta 84 can be l a u m h e d  only  
d u r i n g  a one-hnlir pe r iod  
If D e l t a  84 i s  s u c c e s s f u l ,  it w11.1 ninrk the '(P,t;h time i n  
84 a t t empt s  t ha t  t h e  workhorse boos te r  had dor!e Its J;)b, 
The ISIS-B s p a c e c r a f t  w i l l  h e  1a.unchad by  a t h r e e - s t a g e  
Delta launch vehi.cle t e c h n i c a l l y  named Del ta  E .  The  r o c k e t  
c o n f i g u r a t i o n  w i l l  mark t h e  l a s t  of t h e  short ' Y h r s  which 
i s  t h e  f i r s t  s t a g e  r o c k e t  for Delta.  Th@ t h i r d  s t a g e  w i l l  
be  t h e  FW-4D s o l i d  p r o p e l l a n t  r o c k e t .  
Nominal f l i g h t  p l a n  c a l l s  f o r  Del ta  8!! to i n j e c t  ISIS-B 
i n t o  a c i r c u l a r  870 m i l e  o r b i t ,  i n c l i n e d  83 degrees  to t h e  
Equator w i t h  an  o r b i t a l  p e r i o d  of  2-14 minu tes ,  
Delta i s  managed f o r  NASA's Of f i ce  of Space Sc ience  and. 
App l i ca t ions  b y  t h e  Goddard Space F l i g h t  Center ,  G r e e n b e l t ; ,  
Md. Launch o p e r a t i o n s  are t h e  r e s p o n s i b i l i t y  of NASA's 
Kennedy Space C e n t e r ' s  Unmanned Launch Opera t ions .  The 
McDonnell Douglas Corpora t ion ,  Huntington Bea.ch, Ca . l i f . ,  i s  
Delta prime c o n t r a c t o r .  
General  c h a r a c t e r i s t i c s  f o r  t h e  t h ree  s t a g e  D e l t a - E  a r e :  
T o t a l  Height : 106 Fee t  
T o t a l  Weight: 225 ,000  pounds 
Maximum Diameter : 8 f e e t  
First s t a g e  t h r u s t  ( a v e r a g e ) :  325 ,000  pounds ( i n c l u d e s  
Second s t a g e  t h r u s t  7 800 pounds 
T h i r d  s t a g e  t h r u s t  1 0 , 0 0 0  pounds 
so l_ ids)  
-more- 
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ISIS-Delta Rocket Separation 
-more- 
-11- 
0 
cn 
\D 
v7 
rl 
n 
M 
rl 
0 
\o 
d 
a 
rl 
m 
"3 
d 
n 
Lo 
cn 
0 
a 
cu 
r- 
rl =* 
co 
a 
=r 
M 
0 
cu 
r 4  
n 
c\I 
rl 
0 
\D 
d 
n 
c- 
d 
a co 
Ln 
rl 
u7 
r i  
* 
0 
r- 
4-1 
k 
01 
-I-, 
3 
Ul 
n 
h 
w 
-more - 
-12- 
ISIS-B FACT SHEET 
Launch: Complex - _--. 1. __ SLC-2, Vandenberg AFB, C a l i f , ,  Western T e s t  
Range 
Launch Rocket: Three-stage Delta E (Improved Del ta)  w i t h  
three so l id - s t age  augmentation r o c k e t s  a t t a c h e d  to t h e  
f i r s t  s t a g e  and t h e  F-W 4 t h i r d  s t a g e  motor. 
O r b i t :  C i r c u l a r  870 mi les  (1400 m) 88.7 degrees  prograde 
-inclination. 
. P e r i o d :  1 1 4  minutes 
Weight: 582 pounds 
Power: 11,000 n on p s o l a r  c e l l s .  Three n i c k e l  cadmium ba t te r ies .  
o f  1-7 c e l l s  each ,  
Command execut ion:  216 p o s s i b l e  commands can be  r ece ived  and 
executed by t h e  s p a c e c r a f t .  An on-board programmer a l lows  
f i v e  commands t o  be  s t o r e d  for l a t e r  execut ion ,  t o g e t h e r  
w i t h  t h e i r  t imes  of execut ion .  
Data s t o r a g e :  Tape r e c o r d e r :  64  minutes r eco rd ing  t i m e ,  
record/playback speed r a t i o  of 1:4. 
Transmission: 136 MHz real-time data t r ansmiss ion  s y s t e m .  
400 MHz recorded data/playback t r ansmiss ion  system. 
136 MHz beacon t r a n s m i t t e r  s y s t e m .  
Antennas: Sounder: Crossed d i p o l e s  2 4 0  and 62  ft. long -- Telegnetry : (136 MHz ) : t u r n s t i i e  whips 
T e E m e t r y :  . ( 4 0 0  MHz): t u r n s t i l e  whips 
Beacons: r i n g  antenna 
Main modes of o p e r a t i o n :  The s p a c e c r a f t  ‘can be t u r n e d  on by a 
s i n g l e  command, i n t o  any one of t e n  p r i n c i p a l  modes of 
o p e r a t i o n ,  usir,g v a r i o u s  combinations of experiments and 
t e l eme t ry .  The command can e i t h e r  be r ece ived  d i r e c t l y  
from t h e  ground or f r o m  the  s t o r e d  command c a p a b i l i t y  of 
t h e  on-board programmer. Other modes of o p e r a t i o n  may 
a l s o  be  s e l e c t e d  upon command. 
Automatic ionogram t r ansmiss ion :  An automatic  ionogram t r a n s -  
miss ion  mode i s  provided,  us ing  t h e  swept frequency sounder 
and t h e  136 MHz d i r e c t  t r ansmiss ion  t e l eme t ry .  One iono- 
gram can be t r a n s m i t t e d  every three  minutes I n  t h i s  s y s t e m .  
A t t i t u d e  sens ing :  three-axis  f l u x  g a t e  magnetometer 
s o l a r  a spec t  s e n s o r ,  
At . t i tude c o n t r o l :  s p i n  maintenance and s p i n  a x i s  c o n t r o l  bY 
-more- 
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ISIS-B EXPERINENTS AND PRINCIPAL INVESTIGATORS 
Swept-Frequency Sounder 
Fixed-Frequency Sounder 
Cosmic Noise Experiment 
VLF Receiver  and S t imula to r  
Retard ing  P o t e n t i a l  Analyzer 
Ion-Mass Spectrometer 
S o f t - P a r t i c l e  Spectrometer  
E n e r g e t i c  P a r t i c l e  Detec tor  
Radio Beacon Transmi t t e r  
Atomic Oxygen Red-Line Photometer 
C y l i n d r i c a l  E l e c t r o s t a t i c  Probe 
Auroral  Scanner 
8 G .  Lockwood and L .  
P e t r i e ,  Communications 
Research Cent re ,  Ottawa, 
Orit-ario. 
* G .  Lockwood and L.  Pe t r i e ,  
Communications Research 
Centre e 
* T .  H a r t z ,  Communications 
Research Cent re .  
* R .  E .  Bar r ing ton ,  
Communications Research 
Centre e 
E.  Maier, B. T r o y ,  
J .  Donley, NASA Goddard 
Space F l i g h t  Center ,  
Greenbel t  Md. 
* John H.  Hoffman, Univer- 
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